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2007 Test Year Line Loss Study

For its 2007 test year general rate case, PGE is updating its estimated line Josses
from the esﬁﬁates deve}ope;d in 1988. Commencing in 2007, the?se updated line loss
estimates will be used for Joad forecasting purposes and for regu}atéd filings with_ the
OPUC. Similar to the 1988 loss sfudy, the proposed methodology discussed in this
document segregates line losses into internal line losses, which are losses within the PGE
system, and extefnal line losses, which are contractual losses from the wheeling of poWér
by others to PGE’s system. Addi.ti onally, line losses by retail voltage class are

separately estimated,

Summary of Study
The table below summarizes the estimated line losses by delivery voltage. .The
internal losses are estimated from an analysis of 2000-2004 historical data @ith an
adjustment for the inclusion of Port Westward in 2007. The external losses are 2067

projections based on a sn ;clpshot of anticipated plant dispatch and contracts dated 3/8/05.

Delivery Voltage | Internal Loss Factor External I;oss Factor | Total Loss Factor
Secondary . 6.28% 2.06% - B.34%
By ‘ > 82% 2.06% 188%
Subtransmission 1.31% 2.06% 3.37%
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Historical Internal and External Enerev Losses

Because internal Josses are not separafa]y identified from tétal losses, the
total energy losses and the extemnal Josses due o refail sales are derived first.
Intern?l losses are then estilmated' a8 the difference between total eneréy Iossgs 'and
external enérgy losses. Attachment A discussed below provides a step-by-step
process by which the historical losses are cajculated.

' Total energy used to meet retail loads for the years 2000-2004 is presented in
coluron i, of Attachment A. The source of the data is PGE’s Energy Generated,
Received, and Delivered Report (EGR&D), with the addition of the Montana Intertie
loss returns. Colms 2 through 5 represent, by year, sources of energy by which
PGE met retail load requirements. Columnn 2 is the sum of PGE’s share of coal and
gas generating stations, and its share of Mid~Cb’1umbia contracts, all of which utilize
BPA Integratign of Resource (IR) iransxrﬁssiqn{ Column 3 is the sum of PGE owned
hydro genéraﬁbn and column 4 represents purchased energy from within PGE's
service territory, including purchases from the Tribes portion of Pelton Round Butte.
'Célumn 51is the sum of contract purchases delivered to PGE’S service territory, the
most notable of which is BPA Subscription Power. Column 6 separately identifies
the Montana Intertie Josses, and column 7 calculates the remaining energy available
for retail loads, some of which is delivered to PGE and some of which is wheeled by
BPA transmis.sion to PGE’s service terriiory. Combining Column 7 with Colurnn 3,
Sales for Resales intq Column 9 provides a basis by which external Josses can be
" allocated to ,eithér retai) sales or wholesale saﬁes. Because historical data does not

* separately identify wheeling Josses attributable to either retail or wholesale sales,

X
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"theSe losses mmust be allocated. Columns 10 and 11 are ihe percent calculations by
which unassigned wheeling losses are allocated to either retail purchases or

“wholesale sales. |

Colurnn 12 presents the sum of IR, PTP, AC Intertie, DC Intertie, and

" Montana Intertie wheeling losses by year before any aliocation or attribution occurs.
‘Column 13 is 2 caleulation of the wheelin g losses directly attributable to retail
customers; this caleulation is the BPA IR contractual Joss rate of 1.9% multiplied by _
the energy contained in colurnn 2 plus the Montana Intertie losses in Colurnn 6.

- Columns 14 through 16 then calculate the external losses not directly attributable to
retail loads and‘ the allocation of these Josses to both retail and wholesale séles;.
Cotumn 17 represents the total external losses aftributable to retail sales, whether by
direct assignment or by allocation.

Colurans 18 through 22 are data and calculations that result in estimate; of
annual internal Josses. Colummn 18 restates the system energy from column 1, while
column 19 is PGE’s retail loads at the meter. The differences between columns 18
and 19 are PGE’s total llosses attributable to retail loads. These figures are calculated
in column 20, Subtractirig columm 21, ex.te-mal losses, from column 20, total losses
provides the estimate of internal losses at column 22. Column 23 calculates the
internal losses from column 22 as a percent of retail Joads at the meter. The. percent
calculations in colurm 23 could be the basis of PGE's historical iﬁtema] ioss
estimnates except for the consi&eratjon of energy supplied by ESS’s to PGE

" cuslomers.
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" Columns 24 through 29 estimate the effect on internal Josses resulting from
ESS energy service tc; PGE customers during 2004, Column 24 .ig the ane:.*gy
delivered by ESS's to PGE’s service territory and cojumn 25 is the energy at the
© mneter consumed by customers receiving ser;fice from an ESS. The difference
between the two columns, therefore the losses is calcullaxed in column 26 (the
difference is al 36 due to energy imbalances.) Adding the int_ema} losses in célﬁmn
26 to the previously calculated internal losses results in column 28, total internal
}ossés by year. Column 29 is 2 surnmation of retail ené;rgy.at thé meter including
energy constimed by customers receiving service from an ESS. Column 29 in
conjunction with column 28 provides the basgis upon which to calcu!}a:te internal retail
loss percents.

Columns 30 and 31 are the percent loss calculations for both external and
internal losses. Columnn 30 is calculated by dividing the‘retéi! external losses
caleulated in column 17 by the retail sales in column 19. The energy consumgntion of
customérs receiving service from an ESS is not considered because PGE does not
experience external Josses from ESS deliveries. The historical internal Joss percents
by year are calculated in columm 31; in this case the e:nefgy of customers receiving
service from an ESS is considered because PGE does experience line ]o#ses within R
its system from all sources af energy. The five-year average of mtema} loss percent
of 5.4% is the basis upon which losses by delivery voltage are caleulated for the

2007 test-period.
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Losses by Delivery Voltage

In order to estimate internal line losses by delivery voltage one has to rely
upon a mixture of direct measurement and estimation. The methodology contained
in Attachment B, “Calculation of Internal Losses by De]ivery Voltage,” employs
2004 internal line Joss estimates from Attachment A as a starting point. Continuing
from these internal loss estimates, percent estimates of line losses at subtransmission
voltage (115 kV) and greater are utilized, as well as direct measurement at prirﬁary
voltage (13kV) for the 2004 period. The 2004 line loss amounts nﬁt directly
attributed to subtransmission and primary voltagé customers are assigned to
secondary de.lﬁ:ery voltage customers. Finally, adjustments are made fo the 2004
estimaies to account for the difference between éverage five-year losses and 2004
losses, and the pré—forma effects of Port Westward.

Referencing Attachment B, columns 1 through 4 desive the 2004 energy
necessary to rserve retail .load's. Coluran 1 is the Systemn Energy from column 18 of
Attachment A, column 2 is the ESS energy delivered to PGE, and column 3 is the
 calculated 2004 external losses, column 21 of Attachment A. Adding columns 1 and
2 and subtractin'g column 3 vields t':oiumn 4, the net 2004 energy delivered to PGE’ s
service ferritory. o

Columns 5 through 10 derive the internal Joss percent directly attributable to
customers served at subtransmission voltage. Column 7 calculates the internal lossés'
based upon the net energy delivered to PGE’s service territory and the 115 kV loss ‘
energy factor in column 6. This energy }o;s factor miliies caleulated Joss factors,

dernand Josses, and Joad factors for the period 2001-2004. Attachment C containg
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the specific data and calculations. Coturnn 8 calculates the energy remaining after
the Josses in cofumn 7 are subtracted, and column 9 calculates the retail energy -
interngi 1oss factor which is column 7 divided by column 8. Column 10 is the retail
energy served at 115 kV dusing 2004,

Columﬁs 11 through 15 derive fhe primary voltage segment energy loss.
factor. Colurnn 11 is the 2004 internal energy available for consumption after
subtracting energy consumed or Jost atl; higher voltages. Column 12 is the direct
2004 calcu!&;tion of energy losses for PGE's 13 KV segment. Detail regarding .this‘
calculation is prdvided in Attachment D. Column 13 represents the energy available
to be consumed at 13 k'V after subtracting the losses in coluﬁn 12 from the energy in
colummn 11. Column 14 is the energy loss percent calculated as column 12 divicied
by column 13. Column 15 is the 2004 retail energy served at primary voltage.

Colurnns 16 through 19 are the célculations of 2004 energy losses
attributable to the secondary voltage segment of PGE’s system. Column 16 restates
the intémal losses calculated from Attachment A column 28, and column 17
calculates the internal energy losses remaining after the Josses attributable to
deliveries a£ higher voltages have been calcxﬂatéd. Colummn 18 is the 2004 retail
energy consumed at secondary ‘delivery voltage and column 19 is the calculated
energy loss factor attributable 1o the secondary voltage segment of PGE’s service
territory. Column 20 restates PGE’s 2004 total retail energy while co]'u_mnl 21,
normalized internal losses is the difference betv'vaen the ﬁve—yegx intemnal loss

' percent calculated in column 31 of Attachment A and the 2004 internal loss percents.
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‘Columns 22 through 27 calculate the internal energy losses by delivery
voltage from above and also adjustﬁulents to these losses. Column 22 presents the
energy losses by delivery voltage; the subtransmission segment is 1.18% of retail
sales as calculated abpve; sales to customers at éﬁmafy delivery voltage are the
product of the subtransmission seg_'gnent and the primary voltage segment while
secondary losses are the product of losses at é]l three segments. Column 23 is the
2005; retail sales by delivery voltage and column 24 is the calculation of the 2004
~ internal losses directly attributable to each delivery voltage. Column 25 is the,
normalized losses of 0.31% allocated to each class. Coiumn 26 sums columns 24
and 25 to reflect the t_;)ta! normalized 2004 Josses. Column 27 is the internal percent
energy Joss factor by delivery voltage; ordinaﬁlf one could apply these factors to
prospective energy sales, but one more adjustment must be made: the inclusion of _
Port Westw'ard‘ for the 2007 'ﬁcst period.

Cdiumns 28 through 32 present the calculation of the additional loss factor
associated with the 2007 dispétr’:’h bf Poﬁ Westward. Column 28 reports the
anticipated 2007 dispatch in MWH based on- a Mal.-ch 8, 2005 projection of 2007
market conditions. Co!umn 29 is the percent loss factor of Port Westward
transmission and column 30 is the Joss in MWH given the values in columns 28 and
29. Column 31 is the projected 2007 calendar retail Joads and column 32 is the Port
Westward tfansmissi‘on losses from column 30 divided by the projected MWH in
column 31. | |

Collumlns 33 through 37 are calculations of the anticipated 2007 internal

- Josses and Joss percents by delivery voltage. Colurnn 33 is the projected retail
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calendar Joads by delivery voltage, column 34 is the previously‘ calculated internal
Joss factor, and column 35 is the Port Westward transmission Josses as a percent of
total retail loads. Summing columns 34 and 35 provides the prdjec;ed internal loss
factors by delivery vol{age to be used for the 2007 test period (column 36.) Column
37 is a projection of the internal Josses based on the data and calculations in columns
33 and 36.

It may ble:. useful to compare the values in columns 36 and 37 to the internal
loss values currently in use. PGE currently estimates internal losses as 1.60%,
3.30%,' and 7.10% for subtransmission, primary, and secondary delivery voltages
respectively. These previously estimated iﬂternal losses are higher than those
estimated in this study. Possible explanations for the reduced internal Joss estimates

include the use of more efficient substation and utilization transformers, and reduced

theft,

External Energy Losses

As previously stated PGE incurs contractual losses from utilizing BPA’s
fransmission systemn. Utilizing a March 2005 projection of dispatch and loads, page
1 of Attachment-E ‘detgils by type of resource the éxternal lésses expected 0 be

| incurred by PGE for the 2007 test period. Commencing with hydro resourﬁes-, the

analysis on page | demonsirates that for PGE-owned assets, there are‘ no external
Josses because these resources are located within PGE service territory and the
energ).r is transmitted to customers on PGE's own transmission system; the Josses are

therefore accounted for within the internal Josses previousty discussed. The Mid-
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Columbia hydro contracts utilize BPA IR transmission and are subject to the
contractual 1.9% BPA ioss returmns.

For PGE's coal resources, the Boardman plant utilizes BPA IR wheeling and
is subject to 1.9% loss returns. The Colstrip plants are sﬁbject niot only to fhe 1.9%
IR loss returns, but also loss retumns from using the Montana Intertie. In order to
estimate the 2007 test period losses on the Montana Intertie, PGE is using the most
recent five-year .average 1oss returns of 2.74%. Combining the IR and Montana
Intertie Joss returns vields a projection of 4.69% energy losses for the Colstrip
plants, | | |

PGE's Beaver and Coyote gas-fired resources both use BPA IR wheeling and

- are therefore subject to the 1.9% IR Joss returns. Port Westward will use PGE-
owned transmission and the losses from this transmission have been accounted forin
the internal losses calculations.

For PGE’s capacity contract with WWP, PGE incurs BPA IR losses of 1.9%
for eﬁergy received from WWP, and usually does not incur Josses for the return
portion of contract because PGE is usually able to source out from Mid-Columbia
and therefore avoid losses. For the delivery portion of the EWEB Capacity Contract,

- PGE cfoes noi incur losses because EWEB delivers to our system, however PGE
does incur losses of 1.9% for the return portioﬁ to EWEB.

PGE has numerous long-term purchase agreements, some of which are
sourced within PGE’s service territory such as the Covanta QF contract or the Tribes

- Mid-C index Purchase. These contractual aran géments do not wijlize BPA

transmission and therefore do not incur external losses. Some purchase agreements
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such as th‘e Transalta Purchased P.ower Agreement do utilize BPA transmission and
therefore inc.ur 1.9% losses. For the Chelan Bxchange, PGE incurs BPA losses on
the deliveries from Chelan, but is usuzlly able tb source-gut frc‘amr Mid-Columbia on
the energy returns .an'd hence avoid energy losses. Regarding the Glendale
Exchange, PGE accepts delivery of energy at the Nevadé-éreéon Border (NOB) and
atilizes both the DC Intertie and BPA PTP transmission. The curnulative losses of
5.47% are the product of the 1.9% PTP losses and the 3.5% DC Intertie losses. For.
the return portion of the Exchange, PGE incurs tl;e 3.5% DC Intertie Josses,

For the sales agreements, PGE is able to sourcé-out the Cove‘RepIacemeﬁt
contracts and Also the Colstrip Pumping Load, but must utilize the DC Intertie to
£ufill the Glendale Sales Contracts. | |

Page 2 of Attachment E provides the caloulation of the 2007 projected
external Joss percent of 2.06%. This figure is calculated by utilizing the load
f&recast SMAROSGT and the previously caicuiatéd,intemai loss pérccnts by delivery
voltage. Other inputs include the individual‘exter'nal loss pércents calculated on
page 1 of this Attachmeﬁt and the assurnption that all reﬁﬁning pufchases 1o meet
load requirements incur BPA contractual losses of 1.9%. |

The projected external loss percent of 2.06% is twice the figure of 1.0% that
is contained in the current Joss study. The pﬁmmy rezsons for this significant
change are the loss of the Trojan generating station (an ihtémal_lresource in the
previous loss study) and significant growth in retail loads sfnce the historical period
(1933-1987j which the previous loss study utilized. The buik of this load growﬂj'

uses BPA transmission and is subject to contractual losses of 1.9%.
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Attachment A: Derivation of Histonical Internal Losses
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) 2 {3 . & ) {6}
System Extarnal Genpralion Internat Intersal Dafivered Comrast  Montana Intertie
Year Enemqy & M Energy Generation Purthases Purchases Losses
2000 21,574,437 11,874,822 2,576,826 87,708 12,662 54,758
2001 20,408,312 12282424 2,105,158 - B5,BA3 525507 63,322
2002 18,856,867 8,658,441 1,835,458 8b2,552 2,501,012 £1,047
zeoe 19,762,814 6,675,503 1,812,168 569,534 2275171 80091 7
2004 18,582,725 8,047,447 1510,320 505821 2,277,307 52,858
Totis 500 508,155 50,508,737 10,537 442 - 1,876,698 7,187,659 SHEATT

Suoree of systers energy i EGRED plis bluany intertie fosses., It of Fiesousze Enprgy I enargy generatod of purchased that uses & BPARR

r for P Internnl Is PEE-Dwiog hydis; intgrnal porch Inziutie ‘Trides Purch ant pr troem prnll .
power produoars, Defvesed Contrat! Putehnses itiude BPAS wiioh Power ant
D12 thiu 6} (8} {970} (10)={7)+{8¢ (13)=(8)(®)
Retnaining Sales for Suwen of Retall. Retall Whotpsale
Yegr  Enetoy for Retal Fesale & Wholesate Pemant Percert
2000 €,768,062 18,547,755 28315817 2% 3%
2p01 . . 5,34B.267 8,764,183 15,112,430 BB, 65%
2002 5,706,017 12,644,880 49,351,797 2% 5%
2003 £,363,946 12,084,910 1B, 445,856 5% B5%
2004 ERECR: 8,340,883 14,535 655 35% £4%
Testals 30,382,144 62,378,611 82,761.755 5% B7%
"2 (821 0%+E)  (A=012-013)  (18)=04)x(10) asy=(H(i) (V=15
Extemnal Extermnal sees from Remalning Retall Allppated  Wholesale Allozated Bl Losses  ©
Yoot Losses G ion & Mid-G _Ext, Losses Losses Losses ke 10 Retall
2000 446,577 280,383 166,194 44,431 21,763 324,814
200 42524 286,588 132,836 ATH0 85,828 343,688
2bb2 0775 255,878 104,788 51513 127,288 283,488
2003 424943 224,985 200097 52,007 131,010 283,833
2004 424,472 224758 198,713 71,375 128,337 295,135
Tetals 2136281 1,242,732 853,559 289,387 504 222 1.562,058
Ntz Exianp! tosses ntiute 12, PTR, AC interi, DO iierdn, nnd Montang IseHie lbxses
(18)=1) (18} {E={18)-(18) (21017} {22)y={20)2M) {23)={22)+{19)
Systemn PGE Totat External Internal Intetnal Losses
Year Eneroy Enprgy Los3es Retali Losses Losses due in Retall
2000 21,374,437 18,872 544 1,501,883 a24,814 1,177,578 5B8%
200 20,408,272 19,040,188 1,388,124 343,658 1,025,426 5.4%
2002 19,956,887 - 18,771,884 1,184,883 283,48 801,484 4.8%
2003 18,782,814 18,425,854 1,356,860 283,938 1,083,027 £8%
2004 18,982,725 17,784,138 1,218,587 295135 SRR ABR 5.2%
Tomls  §0DSD5A5S 93,874,608 6,531,547 1,542,088 5088477 8,42%
Nple: 201 Systomn ohid Reted do not knsiude EBS deleades
(24) {25) (28)=(24)- (25} 2n=t28) 2B-26)H{27}  {26)={18)+R5).
ESS deivered ES% Retalt £85 Intfemal Internal . Total Infernal Total Refalt
Year Energy Energy Logses Botall Losses Losses Energy
2000 o ? D 1.477,078 1,177,078 18,872,544
20Dt 0 0 o 1,025,426 1,025,428 19,040,188
2002 o . o} ) ob1 454 60484 18,771,884
2003 o [} o 1,063,027 1,053,027 18,425,854
2004 214352 182,715 22,237 _ PRRAB2 Ba4d 662 18.556,853
Totsls 814,882 732,718 22,237 5,088,477 511,714 84,667,323
{30)=017)=(18) (31)=28)+(28) (324 (B0} (3T}
Ritab Extemal fetal Intemal Tota)
Yeat ‘Loss Pereent ioss Percent Lots Perzent
2000 6% - E.8% 75%
2001 1.8% E4% T.2%
2002 1.5% 4.B% 6.8%
2003 1.5% 5.8% 74%
2004 1L7% 5.1% 5.8%
164% 5 40% 7 DA%

Fotals
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Attachment B: Internal Losses by Delivery Voltage
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Attachment Bs Calewlation of Internal Losses by Delivery Voltage
Derivation of Internal Energy Dellveries
() (2) {3 . {4)=(1)+{2)-(3)
Systermn EBS Exiemat imtemal Energy
Year Energy Defiveries " Losses Deliveries
2004 18,882,725 B14,252 286,135 18,501,542
Derivation of Sub‘transmis#ion Internal Losses
(8)=(4) {8) (71)={B)p{8) {By=5)-(7) ©={7)=8 - (10}
Incoming 115 KV Energy 115 kV Remaining 115 kV Retall 115 KV Betal
Year Energy Loss Factor Losses Energy Loss Faclor Energy
2004 18,501,542 1.16% 226,932 19,274,610 1L18% 1,154,301
Derjvation of Primary Internal Losses
{4 7)=(E}-{10) {12) (8)=(TH-(12)  (34)=(32)2{13) {13
13kV 13KV Remalning 13 kV Retall 13 kV Retall
Yeal " Energy Losses 13 kV Energy Loss Facior Energy
2004 18,063,308 251,830 17,831,478 141% 2,680,713
Derivation of Secondary ant Dthey Internal Loss Percents
{18} (17)=(18)-(7)-(12} (18 - (vey={ 1718} (20 21
Tolal Internat Remairing Secondary Secondary Total Relali Normualized
Year Losses Losses Energy Loss Factor Eneray internal Losses
2004 844,689 465,827 14,664,838 37% 18,556,853 0.31%

Note: Notmnalized internat ioss percent s the difierence between five-year average antd 2004 intemal loss peroent,

Derivation of Internat Delivery Voliage Loss Percents

(22) (23) (24)=(22Y%(23) {25} (2E)={24)+{25) (R7)w(26)2(23)
Delivery 2004 Direct Retaf Direct Netmalized Yol Nommalized intemal
Vollage  Loss Percents Energy - Losses Losses intemgal Losses |oss Factois
Subtmans. 1.18% 1,181,307 14,026 851 14,877 1.25%
Primary 251% 2,680,713 £0,867 4,239 74,108 2.76%
Secondary 5.85% 14,684,838 880,797 52,228 013,025 5.22%
Totais ) 18,556,853 544,689 57,318 1,002,007 5.40%
Direct loss percents are muitiphicative by deftvery voltage.
Port Westward Internal Loss Atfjusiment
(28) (28) {30)={28)x(28) . (31 {(32)={30)+(31}
Port Westward  Porl Westward  Porl Westward  Prejecied 2007 PW addiional
Year 2007 Dispalch _ Loss Faclor  Energy Losses  Petalt Energy Logs Facior
2007 1,608,844 - D751% 12,080 20,050,987 0.06%
2007 Test Period Internal Losses by Delivery Voltage
{8 (34} 35 8 . {87
Delivery 2007 Calendar ~ infemal  PWaddifional 2007 Internal 2007 internal
Voltage Energy |.o5s Faclor 1oss Fatlor Loss Factor Losses
Bublrans. 1,164,085 1.25% D.06% 1.31% 15,250
Primary 2012225 2.76% D.0B% | 2.82% B2,185
Secondaty 15,574,676 8.22% 0.08% 8.28% 1,003,210
Tolals 20,0E0,087 5.48% 1,100,524

185
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Attachment C: Internal Transmission Losses
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: . Historical Information
Month/Year 2004 ] 2003 2002 2001 4.year average
ave peak ave peak ave - peak | ave peak
Jan 81061 agaz | BB230 . 3183 | 61325 3331 | &2 B2
Feb ssapr 3105 | BBove  semi | seazd @218 | emBam 3422
Mar s1319 2oty | mssyr zm7a | s8YYTS 318 | 58O 3167
Apr AUD34 o653 | S539BD 3036 | 54B74 2835 | 55358 308B
May 48426 2521 | soess . 2880 | 4seTS 2757 | 51B06 2850
Jun EDO76 3084 ] 50807 3194 50467 3106 | 50780 2863
Jul 54658 3401 | 5337 3351 53318 3283 | 51861 2064
Aug 54508 D448 | 5iSB2  BOBY . | 53417 B4DB | 53443 3045
Sep 40538  PBB4 | 50DR3 3245 | 51084 2054 ! 51447 2821
Qct ‘51028 2811 | 49584 2848 | 523B0  B0PY | 5EVIZ 2944
Nov s5622 3320 | 56258 GOB5 | BsoR4 843t | ssB27 3168
Dec 50302 3284 | 502 sppo | serys s2ve | sO7ES B304
12 monthampe], 53780 .| 53970 54555 55699 ]
Yepr-pesk | . @saz |- 3351 3408 8512 3
Mwhr, | 2241 o808 2273 2azt T oz
Load Faclior- 0569 0.671 0.857 0.661 D542
Transmisslon Demand Loss from PF Model 00158
T oss Factor = 0.3+(Load Factor) + 0.7*(Load Factor)”
’ Load Factor Logs Factor
0.542 0,481
Energy Loss (%) = {{Loss FactorDemand Loss) / Leoad Factor}*10b
L.oad Facior Damand Loss Loss Faclor Energy Loss
0,642 . D055 D.4B1 1.16%
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Attachment D: 2004 Primary Distribution Loss Analysis
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PRIMARY DISTRIBUTION LOSS ANALYSIS

SUMMARY

The primary distribution system consists of substation wansformers and primary feeders.
Losses for transformers and feeders were computed separately. The analysis was based
on loading and system configuration data for 2004. The system peak load for 2004 of
3,942 MW occurred on January 5™ and exceeded the expected peak of 3,633.5 MW by
8.5%. Energy sales were approximately 1.5% below expected levels. :

Coincident peak and average Josses were both computed. The losses at the time of the
systemn peak were adjusted to reflect losses for expected (i.e., 1.in 2) loading. Average
Josses were not adjusted because energy sales for the entire year were only slightly below
expected levels. Both the winter and summer peak, while only lasting briefly, were
higher than expected and this tended to offset the effect of lower average loads on the
loss calculations.

Details of the loss computaﬁons are given in the Methodology section below. Primary
distribution system losses are summarized in the following table:

: TRANSFORMERS FEEDERS TOTAL
Average Loss in 10.46 18.21 28.67
MW '

1:2 Adjusted '

Coincident Peak 19.45 49.26 T 6871
Demand Loss in
MW ‘

METHODOLOGY

OVERVIEW

Recause of a significant increase in the telemetry in the PGE system, the implementation

* of a data historian and feeder analysis software, this study has produced results {or the
primary distribution system that are calculated, and not estimated, as has been the
accepted industry practice.
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The PGE P1 data historian provides detailed transformer and feeder Joading history. The
majority of PGE’s substation transformers and feeders zre monitored by SCADA
telemetry that sends data to PI'with a frequency of between 15 to 30 seconds, The
majority of the remainder are equipped with MV90, that sends 30 minute data to PIon a
weekly basis. A small portion of the substations do not have remote monitoring and
loading data is read manually on a monthly basis.

Table 1. Transformer Telemetry Types.

Telemetry Number of
Type XFMRs
‘ monitoréd
SCADA 144
MV90D 94
Unatiended 15 .
TOTAL 253

The losses on the primary distribution system were computed in two parts: substation
transformers losses and primary feeders losses. Calculations are based on 2004 loading
data. Transformer losses are calculated using load data from the P1 server. Feeder losses
are calculated using CYMDIST feeder analysis software for all radial feeders and PTT’s
PSS/R program for network feeder losses.

TRANSFORMER LOSSES

Transformer losses consist on No-Load Losses and Load Losses, No-Load Losses
" represent the energy required to magnetize the transformer and are available from the

manufacturers test report. Load losses are Jargely the [ ?Rlosses in the transformer
windings.

' AVERAGE TRANSFORMER LOSSES:
The following formula was used fo caleulate the total average Josses of the transformers:

AverageLoss = LL,_ . +NLL -

% .
c3x 28w | L ReNLL
3xKV, ‘

‘Where:
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L, = average yearly load loss of the transformer

KVA_ =  annual RMS value of the hourly averages of KVA of the transformer
R . = resistance of the transformer {Ohms] : ‘
KV, = line to neutral voltage of the secondary side of the transformer

3 = multiplier that accounts for the 3 phases of the transformer.

NLL = no load loss from manufacturer test reports

TRANSFORMER LOSS FACTORS:

Load loss factors for each transformer were calculated to be used in the determination of
average losses for the associated feeders. This provides a loss factor for feeders that is-
more accurate than using a system loss factor. This is because the transformer loading
patterns are closer to the feeder loading pattern; previding a more accurate Joss factor
than using one derived for the system as a whole. A comparison of several transformers
and feeders proved that there was a close correlation between trangformer Joss factors and
the loss factors for associated feeders. This is a significant improvement over earlier
studies. The transformer load loss factor was computed as follows: B

2
Los | KV A
A KVA,

For the unattended substations, where hourly loading was not available, the Josses were
estimated using the following standard formula:

LssF = HXLF? + (01— H)XLF

where:

LssF = Loss Factor

LD = Load Factor

H = Hoebel coefficient

Load factors used were calculated values for transformers with Joad data in PI that had a
similar oad profile. The Hoebe] coefficient can depend on the load profile and can vary
from 0.7 to 1. Based on comparisons of actual calculated Loss Factors, and those derived
" from the above formula using Load Factors, we determined that a value of Hz=1 yields

- the best result. ‘

COINCIDENT PEAK TRANSFORMER LOSSES:

. To obtain the peak transformer loss value coincident with the system peak, the following
formula was used: o : :

Coincidental _ Peak _ Losses = LL '-!V-‘NLL '
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KVAym Y
=3x| P2 xR+ NLL

3KV, »
‘Where: o o
L, = Load loss of the transformer during 1 hour System Peak
KVA_,= Average transformer load on January 5, 2004 between 17:30 and 18:30.
R = resistance of the transformer [Ohrns]
KV, ,= ~ lineto neutral voltage on the secondary side of the transformer
3 = multiplier that accounts for the 3 phases of the transformer.
NLL = no load loss from manufacturer test reports

COINCIDENT PEAXK TRANSFORMER LOSSES
ADJUSTED TO FORECAST 1:2 PEAK LOAD

. Coincident peak Transformer losses were adjusted to the forecast 1:2 system peak load
_ according to the following formula:

. Transformer Lossy2 pea = S, Transformer LoSSsys_peak % 0.832

‘See attached “Loss Adjustment Factors for Primary Distribution System” for the
computation of the adjustment factor.

PRIMARY FEEDER LOSSES

This section covers loss calculations on the primary distribution feeders. The voltage of
the primary feeders are 4KV, 11 KV and 13 KV nominal line to line. The majority of the
systern is 13 KV, with some areas of central Portland served by 4 KV and 11 KV feeders.
Computations were made for feeder peak load losses, feeder average losses and feeder
Joad Josses coincident with systern peak Joad and adjusted for forecast peak1:2 loading.

FEEDER LOSS CALCULATIONS:

Radial feeder loss calculations were performed using the CYMDIST program. Each
radial feeder has an electrical model defined in CYMDIST. The model shows circuit
connectivity downstream of feeder breaker with wire/fcable section impedances and
feeder load points at the primary level. Most feeder loads are non-demand type where’
only energy consumption (KWh) is known. The power consumption (KW KVAR) at
every load point was estimated by allocating the metered load at the feeder breaker. The
allocation of feeder breaker demand to a load point was proportional to its energy
consumption (KWh). ' ‘
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- SCADA & MV90 monitors loading at the feeder breaker and these data are
displayed/stored in the PI system. The loading data over the year {2004} was analyzed
and processed to find the feeder pezk loading. For unattended substations, the peak
monthly reading was used. Unusual spikes in loading such as load transfers are removed
to get normal peak loading of a feeder. This information is reported in the PGE Weak-
Link Report. : '

For the study, the feeder peak loading (MVA) in CYMDIST was assigned from the
Weak-Link Report. The power factor at peak was unknown and was assumed to be unity
(PF=1) since line-losses are irrespective of power factor,

AVERAGE FEEDER LOSSES:

Avefagé feeder loss i.s.,.cé]c.ﬁiéted from the peak feeder loss bjr the equation below:

Feeder Loss ,, = Feeder Loss . X LssF,

treasformer

where ‘ .
LssF s = Loss Pactor computed for the substation transformer serving that feeder

COINCIDENT PEAK FEEDER LOSSES:

To calculate feeder losses at system peak, the feeder peak loss was scaled by an
adjustment factor. This gives us the feeder Joss at system peak (Jan 5, 5.30 - 6.30 PM).

Feeder Loading ., .o (mva) :
Feeder Loading ... (mva)

Feeder Loss,y, _po = Feeder Loss,,q x[

‘Where: :

Feeder LSS sys_peat = Feeder loss at system peak

Feeder Loss poa = Feeder loss at feeder peak -

Feeder Loading,, .. = Coincident feeder Joading at system peak

Feeder Loading ., = Annual feeder peak Joading

The aggregate of all feeder losses at system peak gives us the total primary distribution
* feeder loss at the time of the 2004 system peak. '

COINCIDENT PEAK FEEDER LOSSES ADJUSTED TO
FORECAST 1:2 PEAK LOAD:

Coincident peak feeder losses were adjusted to the forecast 1:2 peak load accoz'diﬁg to the
foilowing formula
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. Feeder Loss 1:2peak = Y. Feeder LosSy peat X 0.832

" See attached “Loss Adjustment Factors for Primary Distribution System” for the
computation of the adjustment factor. '

The attached “Primary Distribution Loss Calculations” spread sheet lists loss calculation
data for sach PGE substation transformer and feeder. '

Coincident peak demand primary losses from spread sheet = 81.6MW.

Coincident peak demand loss adjusted
to 1:2 forecast system peak

Transformer = 0.832x23.375MW = 19.45MW
Feeders — =0.832x58.449 =  49.26MW
Total. ~ = 68.71MW

Average Losses

Transformers = 10.46MW
Feeders = 18.21MW
Total = 28.67TMW
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Attachment E: Calculation of 2007 Projected External Ldsses
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Calculation of 2007 External Loss Percent

2007 . 2007 2007 2007
Calendar Digiribution Distrbution  Energy

Delivery Voliage . Energy Loss Facfor  Losses 10 PGE -
Secondary 15,874,676 6.28% 1,003,210 16,977,886
Primary . 2,812,225 2.82% 82,125 2,984,350
Subtransmission 1,164,085 131% 15,250 1,179,335

Totals 20,050,987 1,100,584 21,151,570
PGE Internal Load Reguiremenis 21,161,570
Dispaich and Contracts to PGE 15,981,175
Remaining Requirements o 5,870,395
Busbar Energy for Rem. Req. 8,086,030 (add 1.8% extemnal losses)
Losses 115,635
Losses on Contracts and Dispatch 297,187
Total Extenal Losses 412,821
External Losses Faclor 2.06%

{as percent of meter load)
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Attachment F: Historical External Losses
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PGE Historical External Losses 2000-2004

: Totals
Year iR PTP ACintertie  DCintertie Colstrlp  Totals  wi/fo Colstrip
2000 305,518 10,047 64,538 11,714 54,759 448,577 - 380,104
2001 . 308,735 6,330 45,737 5,400 83,322 420,524 . 360,802,
2002 226,000 | 55,840 87,586 2,802 51,447 410,775 349,526
2003 237,596 54,201 82,377 . 10,588 - BD,081 424,043 354,264
2004 251,668 45,881 " 88,713 5,351 - 52,858 424472 366,263

Totals "00-04 1,328,588 172,329 308,882 42,855 .2.82,477 2,136,201 1,810,959

Colstrip Loss Percent

Colstrip Montana

Year Production int. Losses Loss Percent

2000 1,970,560 54,758’ 2.78%

. 2001 2,154,822 63,322 2.04%
2002 1,811,652 - 51,447 . 2.68%
2003 2,124,744 80,081 2.83%

© 2004 2,148,753 52,858 2.48%

10,311,531 . 282,477  2.74%
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Attachment G: Historical Production Data
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